Abstract The number of revision total knee arthroplasties (rev-TKA) is increasing every year. These cases are technically difficult and add considerable burden on the healthcare system. Many patients have concomitant low back pain that may interfere with functional outcome. We asked whether having low back pain at baseline would influence amount and rate of improvement on standardized outcomes measures after rev-TKA. We retrospectively reviewed 308 patients from prospectively collected data in a multicenter study. A minimum 24-month followup was available for 221 patients (71.8%). Patients with low back pain at baseline had worse scores on most instruments than their counterparts at baseline, 12 months postsurgery, and 24 months postsurgery. The data suggest concomitant back pain in patients undergoing rev-TKA affects their outcomes as measured by standardized instruments. Orthopaedic surgeons should counsel their patients with back pain regarding the possibility of slower or less complete recovery.
Introduction
TKA provides pain relief and allows increased physical function in patients with osteoarthritis of the knee, and the positive results from this procedure [5-7, 28, 32] have led to increased demand at an exponential rate during the last 20 years [12, 18, 19] . The corresponding demand for revision of a TKA (rev-TKA) has increased accordingly [1, 4, 18] . The annual demand for primary TKA is expected to increase to 3.48 million procedures by 2030, and the number of annual rev-TKA procedures is expected to double by 2015; an increase in rev-TKAs of 601% has been projected for 2030 [19] . A 2003 National Institutes of Health consensus statement concerning TKA and rev-TKA suggested additional investigation into specific clinical and demographic factors and their influence on outcomes was needed [16] . Since then, the effect of patient characteristics on reported outcomes after TKA was reported [8] . In their investigation into the relationship between failure of primary knee arthroplasty leading to revision surgery and socioeconomic status, Saleh et al. identified numerous comorbidities in their rev-TKA cohort, including back pain (48.3% prevalence) [31] .
Back pain reportedly affects eight of 10 people in the United States and prevalence increases with age [27] . By one estimate 59 million people in the United States have experienced low back pain during the past 3 months [26] . A study published in 2007 evaluating the impact of preintervention patient factors on outcomes of primary TKA suggested one such factor was low back pain [8] . Using the Medical Outcomes Study SF-36 and the WOMAC, Escobar et al. reported absence of low back pain was associated with improved health-related quality of life after primary knee arthroplasty [8] .
Because of the large percentage of patients reporting low back pain, we first determined the differences in baseline SF-36, WOMAC, Knee Society scores (and their various subscores) in patients without and with back pain; we then determined the improvement in the two groups after revision TKA; and finally we compared the speed and completeness of recovery in the two groups at 12 and 24 months.
Materials and Methods
We retrospectively reviewed prospectively collected data for all patients undergoing revision knee arthroplasty at 17 North American institutions from March 2002 through March 2004. Recruitment followed a strictly managed protocol at each site. After Institutional Review Board approval of the study at each of the participating units, a consecutive series of patients was considered for enrollment once the consulting surgeon identified the need for a revision TKA. Patients had to meet inclusion criteria and not have any exclusion criteria (Table 1) , and sign a consent form to be enrolled in the study, therefore, not all patients initially referred for inclusion in the study were eligible to enroll. Fifteen of the 323 patients (4.8%) who were approached and were eligible to participate in the study declined enrollment, leading to a final enrollment of 308 patients. Baseline data were gathered from patients immediately after consent. Standard data-gathering techniques and instruments and data transfer and management techniques were adopted at each location. Data were collected at each of the 17 sites by dedicated study coordinators who compiled the data and forwarded all information to a central study coordinator for entry in the database. Back pain was listed as a comorbidity by 154 of the 308 patients (50%) at enrollment. Nineteen surgeons performed the procedures; the number of procedures at each site ranged from one to 45 total procedures. At 24 months, 221 patients still were enrolled (71.8% followup rate). Of the 87 patients no longer enrolled at 2 years, five died secondary to complications not related to rev-TKA (1.6%) and 82 were lost to followup (26.6%).
Data were collected by performing serial assessments of the individual patients. These assessments were completed preoperatively at baseline, intraoperatively, and postoperatively at 6, 12, 18, and 24 months. At baseline, all patients were asked to provide demographic information and their medical histories. Comorbidities were recorded on standardized forms as being ''present'' or ''not present.'' Outcomes were measured using the Medical Outcomes Study SF-36 [24, 25, 33] , the WOMAC [2, 3, 34] , the functional and clinical components of the Knee Society Severity Index (KSS) [14] , and the Lower Extremity Activity Scale (LEAS) [30] . The WOMAC and the SF-36 provide good estimates of patient outcomes following joint replacement [11, 22, 23] , and the LEAS was developed specifically for use in the rev-TKA population [30] . All measures, with the exception of the KSS, were completed by the patient at each visit; the KSS was completed by the physician during the patient visit. The measures provided functional assessment scores, which were tabulated for each patient into cumulative scores respective to the individual assessment tools. Additional data were collected regarding patient baseline demographics and comorbidities (Table 2) .
To determine the differences in functional improvement between groups, piecewise general linear mixed model regression models (GLMM) were used. These models are more advantageous than regular regression models because they adjust for the correlated nature of repeated measures with time for the same subject in the analysis. Also, the piecewise GLMM estimates two different slopes, each for a segment of the time of followup, which was divided into two periods, Period 1 from baseline to 12 months and Period 2 from 12 months to 24 months. This accounts for the nonlinear nature of improvement after surgery. This [14] , and the LEAS [30] ) during these same times.
Results
Patients with low back pain at baseline had worse SF-36 scores compared with patients without back pain (Table 3) ( Table 3 (Figs. 1-4) .
Discussion
Because of the expected increase in demand for TKAs and rev-TKAs [18] [19] [20] and the cost associated with these procedures [21] , it is essential for surgeons and patients to understand the potential limitations on recovery that comorbid conditions might have. Previous studies document patient characteristics influence overall functional recovery [12, 13, 15, 29] , including one study that suggests low back pain is a preintervention predictor of outcomes [8] . Because of the large percentage of patients reporting low back pain, we therefore (1) determined the differences in baseline SF-36, WOMAC, Knee Society scores in patients without and with back pain; (2) determined the improvement in patients without and with back pain after revision TKA; and (3) compared the speed and completeness of recovery in the two groups at 12 and 24 months. There were numerous limitations to this study. First, greater than 20% of the cohort was lost to followup, which could affect the overall results of the study because patients who dropped out might have differed from the ones who continued in the study. However, the patients who dropped out were equally represented in both groups (patients with and without baseline back pain), therefore the overall impact should be small. Second, although the sample size was adequate to detect absolute differences between groups, additional analyses into trends in outcomes would require larger sample sizes to ensure enough power to detect differences. For example, we observed trends toward faster recovery for patients without low back pain for other parts of the SF-36 (General Health, Mental Health, Social Functioning, and Mental Component Scores) that were not statistically significant but still might be clinically important for the practicing surgeon when managing patient expectations. In addition, there were trends toward worsening function (as measured by WOMAC and KSS function scores) for patients with low back pain. Examining these trends in studies with longer followup (more than 2 years) could provide a more detailed look at the impact that low back pain has on functional outcomes after rev-TKA. Also, if the sample size in each group increased to 200, the power to detect a difference between groups of 5 points could have increased to greater than 95% from 80%. Third, although patients without back pain served as control subjects for the patients with back pain, we did not compare these outcomes with a group of patients undergoing primary knee arthroplasty, which might provide more information about the distinctions between patients undergoing primary knee arthroplasty versus patients undergoing revision knee arthroplasty. Fourth, the cohort was recruited from tertiary care centers with residency programs, which might not be representative of the general population needing revision knee arthroplasty [20] . Associated with this is the fact that this cohort was culled from patients who agreed to enroll in this clinical trial, who may be substantially different than those who chose not to participate, although the number who did not agree to participate was small (less than 5%). This is a potential problem with all clinical trials. Fifth, the data collected for the study used several questionnaires that relied on patient self-report rather than medical records or care provider information, especially for baseline medical history. The lack of confirmation with other sources could lead to bias in patient group assignment regarding whether back pain was present at baseline. Back pain is a common condition but one that can have many underlying causes that might not involve the knee at all. Therefore, it might be difficult to assign all of the recovery, or lack thereof, to whether a patient reports back pain as opposed to any other comorbidity, groups of comorbidities, or other demographic factors.
Despite these limitations, our data suggest patients with low back pain have lower functional and outcome scores after rev-TKA than those without low back pain and generally recover more slowly in terms of function than patients without low back pain. Although all patients, regardless of comorbidity status, improved in most functional outcomes measures during the first year after undergoing rev-TKA, which is consistent with results from prior studies [6, 9, 10, 15, 17] , orthopaedic surgeons recommending revision knee arthroplasty should alert patients with low back pain to the possibility of slower or less complete recovery. Doing so could contribute to improved patient satisfaction with this procedure and more involved participation by patients in their postoperative treatment.
